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摘   要 
I 
摘  要 
一、炔键可以作为很多基团的前体，在一定条件下转化成许多不同的官能团。因此，
炔类化合物在有机合成占有重要地位。我们发展了一种蒙脱土催化的炔丙醇与各类亲核






































 InCl3 (10 mol%)
R1 "one-pot"
 





















































The nucleophilic substitution of propargylic alcohols has turned into an important 
organic transformation, as it provides facile and expeditious routes to a wide range of 
propargylic products. We have developed a general and efficient H-K10 mont-catalyzed 
substitution reaction of propargylic alcohols with carbon- and heteroatom-centered 
nucleophiles such as allyltrimethylsilane, alcohols, aromatic compounds, thiols, and amides, 
leading to the construction of C-C, C-O, C-S, and C-N bonds. Besides the mild and 
solvent-free reaction conditions, the solid catalyst can be easily separated and reused for at 
least four times without any appreciable loss in its catalytic efficiency. These advantages show 















Figure 1 H-K10 mont-catalyzed Nucleophilic Substitution of Propargyl Alcohol 
Pyrrole is an extremely important heterocyclic unit broadly found in naturally occurring 
and biologically active molecules and frequently used as building block in material science, 
pharmaceutical chemistry and organic synthesis. We have developed a general and highly 
efficient methodology for the synthesis of substituted pyrroles, in which the new rings are 
assembled by a Indium trichloride-catalyzed propargylic substitution and subsequent 
cycloisomerization of propargylic acetates, enoxysilanes, and primary amines. This novel 
transformation is performed in a one-pot model and a wide range of functionalities are well 
tolerated, providing a promising and practical route to various pyrrole-containing molecules. 




























 InCl3 (10 mol%)
R1 "one-pot"
  
Figure 2 Indium Trichloride-catalyzed Synthesis of Highly Substituted Pyrroles 
2,3-dimethylfuran is a important intermediate in the synthesis of natural products, 
antibiotics, analgesics,  pheromones and other compounds containing the ring of furan. 
We synthesized 2,3-dimethylfuran by using crotonaldehyde and nitroethane as the starting 
materials, by three steps in 13.8% yield (Figure 3). The inexpensive starting materials and the 
















Figure 3 Synthesis of 2,3-Dimethylfuran  
Keywords ： Propargylic alcohol, Montmorillonite, Nucleophilic substitution ， Pyrrole,  





























化合物 A 也是炔丙基衍生物（图 1-1）[2]；胞毒抗体内酯鬼臼脂素 Podophyllotoxin 是具
有抗肿瘤活性的天然化合物，Toste 等从简单易得的炔丙醇出发，通过傅克反应合成了
炔丙基衍生物 B，而此衍生物正是合成鬼臼脂素 Podophyllotoxin 的一条路线中的关键中










































道了相关的以 C, N, O, S 为中心的亲核试剂对炔丙醇（酯）类化合物的取代反应，下面
进行简要的回顾。  
2.1  等当量的炔丙醇及炔丙酯的亲核取代反应 
在炔丙醇类化合物取代反应中，Nicholas 反应[4]是已知应用 早、 广泛的经典方
法。1972 年，Nicholas 等人在尝试用八羰基二钴 [Co2(CO)8]作为碳碳三键的保护基时，
发现经六羰基二钴 [Co2(CO)6]络合的三键化合物阳离子具有相当的稳定性。稳定化的炔
丙基正离子可以很容易地与含各种亲核中心如：C, N, O, S 等亲核试剂以及芳香化合物
反应。反应先用等当量的八羰基二钴与炔丙醇进行络合，然后在质子酸或路易斯酸的作
用下开成稳定的炔丙位碳正离子，接着进行亲核反应， 后进行氧化脱除六羰基二钴形























图 1-3 Nicholas Reaction 及其机理 
 Müller等人[5]发现如果乙酸炔丙酯的α位含有邻取代的三羰基合铬时，在路易斯酸




































































a )  Reaction was carried out with 5 equiv. 
       of nucleophile in the presence of C (5 
      mol-%)   and NH4BF4(10 mol -%)  in
      ClCH2CH2Cl at 60℃ and finished 
      within 4h.
b )  Same as a) , only with the nucleophile 











































































R1 = Me, Ph,
N
Boc
R2 = Me, Ph, H
R3 = n-Bu, C6H5, SiMe3, -(CH2)3OH, Me, CO2Et
R4 = Me, Cl ,
 
图 1-7 铼催化炔丙醇与以氧为中心的亲核试剂的取代反应 
作者提出了的反应机理如下：首先炔醇与催化剂作用失去一分子的 HCl，再发生[3,3]
















































图 1-8 铼催化炔丙醇亲核取代反应的机理 
Campagne 等[12]报道了以 NaAuCl4·2H2O 为催化剂的炔丙基醇类化合物的亲核取代反
应，亲核试剂可以是烯丙基三甲基硅烷、醇、硫醇/酚及呋喃等。当亲核试剂为醇时，在
5 mol%催化剂条件下，正丁醇得到预期的产物醚，而乙醇则无法得到取代产物，而是炔
丙醇自身发生 Meyer-Schuster 重排得到了 α, β-不饱和酮。在以呋喃等较弱的亲核试剂进














Ph,  H,     n-pentyl
Ph,  H,     n-pentyl
Ph,  H,     n-pentyl
Ph,  H,     TMS
Ph,  H,     n-pentyl
Ph,  H,     n-pentyl










































































图 1-11 铋催化炔丙醇与磺酰胺或酰胺的亲核取代反应 
2.3  过渡金属催化炔丙酯的亲核取代反应 



































































R1,R2,R3                                                          product
Ph,H,Ph                                                         (88%)                              (0%)
Ph,H,H                                                           (84%)                              (0%)
    
Ph,Ph,Ph                                                       (38%)                               (52%)  
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